Recent research in religiousness and health suggests that epidemiological forces can have opposed effects. Here we examine two forms of religiousness and their association with disease. We performed a cross-sectional study of 23,864 people aged 50? included in wave 1 (2004)(2005) of the Survey of Health, Ageing and Retirement in Europe and a longitudinal study including people from wave 1, who were followed up during 11 years. Results suggested that taking part in a religious organization was associated with lower odds of heart attack (OR 0.74, 95% CI 0.60, 0.90), stroke (OR 0.68, 95% CI 0.50, 0.95), and diabetes (OR 0.72, 95% CI 0.58, 0.90) and longitudinally associated with lower odds of cancer (OR 0.78, 95% CI 0.60, 1.00). Conversely, praying was longitudinally associated with higher odds of heart attack (OR 1.27, 95% CI 1.10, 1.48) and high cholesterol (OR 1.12, 95% CI 1.00, 1.26). The most religious people had lower odds of stroke, diabetes, and cancer than other respondents, and in the longitudinal model, people who only prayed had higher odds of heart attack than non-religious people. Our findings lend support to the hypothesis that restful religiousness (praying, taking part in a religious organization, and being religiously educated) was associated with lower odds of some diseases, whereas little evidence was present that crisis religiousness (praying only) was associated with higher odds of disease.
Introduction
Population aging is a major societal challenge in the twenty-first century (Borsch-Supan et al. 2013) , and according to the World Health Organization (WHO), the impact of the major non-communicable diseases (diabetes, cardiovascular diseases, cancer, chronic respiratory diseases, and mental disorders) is alarming (WHO 2017) . Work in the research field of religiousness/spirituality (R/S) and health has intensified in recent decades (Aldwin et al. 2014) , the majority of which includes mental health (Koenig 2012) . However, by positively affecting health behaviors, reducing stress and negative emotions and increasing social support, it is also indicated that religious involvement has an impact on a range of physical diseases (Koenig 2012 )-albeit findings are mixed .
A meta-analysis from 2009 found among 69 studies in healthy populations that R/S was associated with reduced all-cause mortality and cardiovascular disease (CVD) mortality (Chida et al. 2009 ). However, two recent longitudinal studies conducted in a large cohort of healthy, older women participating in the Women's Health Initiative did not find a protective association between religious affiliation, religious service attendance, religious coping (Schnall et al. 2010) , or private religious practice (Salmoirago-Blotcher et al. 2013) and CVD morbidity and mortality. Similar findings were reported in a prospective cohort study involving 5474 healthy men and women from the Multi-Ethnic Study of Atherosclerosis (Feinstein et al. 2010) . In both cohorts, the results suggested a higher risk of CVD among the more religious people. In addition, a prospective study conducted among myocardial infarction (MI) survivors at risk for a second MI did not show associations between service attendance, private religious practice, or spiritual experiences and risk of recurrent MI (Blumenthal et al. 2007 ). Current evidence on R/S and cardiovascular mortality and morbidity remains inconclusive, and more research is needed across different subgroups and follow-up durations (Park et al. 2017) .
Research focusing on the role of religion and spirituality on cancer outcomes has been sparse (Stefanek et al. 2005) . In systematic reviews of R/S and cancer mortality or progression, there is inadequate evidence to support the hypothesis that R/S protects against cancer mortality and failure to support the hypothesis that R/S slows cancer progression (Powell et al. 2003) . Koenig (2015) identified 29 studies, which investigated associations between R/S and the onset or the course of cancer. They found that 55% of the studies reported a lower risk of cancer or a better prognosis in individuals who were more religious, whereas two studies (7%) reported worse outcomes. However, there appears to be consensus that certain religious groups, such as Mormons and Seventh Day Adventists, have lower cancer rates than the general population (Thygesen et al. 2012) , mainly because of healthy lifestyles (Hoff et al. 2008; Koenig et al. 2012) .
The majority of the research on religiousness and health comes from the USA, whereas studies in other regions are sparser. Evidence from Europe suggests associations between various forms of religious participation and better self-rated health, lower depression, and lower mortality (VanderWeele 2017b). A population-based cross-sectional study from Norway of 35,964 participants found that religious attendance was associated with lower blood pressure (Sorensen et al. 2011) . Recent cross-sectional evidence from the Survey of Health, Ageing and Retirement in Europe (SHARE) (Linardakis et al. 2015) found that praying and being religiously educated were associated with fewer multiple behavioral risk factors for chronic diseases. Our recent longitudinal study (Ahrenfeldt et al. 2017) examining associations on religiousness and health in various European countries showed that participating in a religious organization had the most consistent associations with health, whereas little evidence was found that prayer, when considered on its own, was associated with health outcomes; however, evidence was present that people who prayed had higher odds of depressive symptoms than non-religious people.
Recent research has conceptualized two tendencies in religion and health as opposite epidemiological forces (Hvidt et al. 2016) . In every population, there are people that are religious in the sense that they rest intrinsically in their faith and have a longstanding reliance on religion marked by restfulness (''restful religiousness''). The opposite is provoked by stress or group pressure and comes across as increased reliance on religion during crisis (''crisis religiousness''). Restful religiousness is mostly marked by a combination of religious upbringing, religious practice, and personal prayer. The opposite tendency is when religiousness is provoked by stress or group pressure and increasingly functions as a coping mechanism during crisis (Ryan et al. 1993 ). Other theorists have delineated similar dichotomies, such as Ross-Allport's distinction between intrinsic and extrinsic religiosity, suggesting differences between those who live their religion, and those who use their religion (Allport and Ross 1967) . This was later updated with the concept of quest toward a fuller presentation of motivation in religiosity (Batson et al. 1993) to which other researchers have proposed updates (Neyrinck et al. 2010) .
Building upon previous research (Ahrenfeldt et al. 2017; Hvidt et al. 2016) , the aim of the present study is to investigate the associations between religiousness and various somatic diseases in Europeans aged 50 and over and to examine how each of the two forms of religiousness is associated with diseases. We hypothesize that restful religiousness (identified by praying, taking part in a religious organization, and being religiously educated) lowers the odds of disease, whereas such effects may be much weaker or even reversed for the less religious individuals (identified by praying without other religious activities) if prayer arise from a state of crisis.
Materials and Methods

Setting and Study Population
The present study includes respondents from 10 European countries in SHARE (Borsch-Supan et al. 2013) . SHARE is a multinational survey including information on health, socioeconomic status, and social factors designed to be representative of non-institutionalized Europeans aged 50?. The data collection was drawn at the household level, and the participants were interviewed at home by trained interviewers according to strict quality standards. In addition to the main interview, a self-administrated questionnaire was given to participants after the interview (Borsch-Supan et al. 2013 ). The household response rate differed by country and wave varying between 44.0% in Switzerland and 67.1% in Denmark in wave 1 (Bergmann et al. 2017) . Calibrated individual weights are provided by SHARE to handle unit non-response and sample attrition (Borsch-Supan et al. 2013) .
The cross-sectional study includes people aged 50 and above from SHARE wave 1, who were interviewed in 2004-2005. The longitudinal study was based on people from wave 1 who were followed up in waves 2 (2006) (2007) , 4 (2011), and 6 (2015). Ten European countries were included; however, Greece was not a part of wave 4, and the Netherlands did not participate in wave 6. France was not included, because the French questionnaire did not include questions about religiousness.
Religiosity Measures
Information about religiousness was available in wave 1. Praying was assessed by the question: ''Thinking about the present, about how often do you pray?'' and was dichotomized into praying and not praying. Taking part in a religious organization was investigated by the question: ''Have you done any of these activities in the last month?'' which had seven possible answers, one of them being ''taken part in a religious organization (church, synagogue, mosque, etc.)'', with the possible answers ''yes'' or ''no.'' Religious education was measured by the question: ''Have you been educated religiously by your parents?'' answered by ''yes'' or ''no.'' Information about religious attendance came from the personal interview, whereas information about praying and religious education was based on the self-administered questionnaire.
We classified religiousness into three categories: The more religious-people who pray, take part in a religious organization, and are religiously educated; the less religiouspeople who pray, without taking part in a religious organization, or being religiously educated; and the non-religious-people who answered ''no'' to praying, taking part in a religious organization, and being religiously educated. Moreover, three comparisons were constructed: Comparison 1-the more religious versus all other respondents; comparison 2-the more religious versus the less religious; and comparison 3-the less religious versus the non-religious.
Chronic Diseases
Diseases were recorded by the following questions which were all part of the personal interview: ''Has a doctor ever told you that you had any of the conditions on this card?'' (wave 1). In the subsequent waves, respondents were asked: ''Has a doctor ever told you that you had/do currently have any of the conditions on this card? [With this we mean that a doctor has told you that you have this condition, and that you are either currently being treated for or bothered by this condition]''. We excluded diseases that were not asked about in the same way in all waves (asthma, arthritis, and osteoporosis). Furthermore, Parkinson's disease was excluded because of low number of cases. The following diseases were included: ''Heart attack including myocardial infarction or coronary thrombosis or any other heart problem including congestive heart failure,'' ''High blood pressure or hypertension,'' ''High blood cholesterol,'' ''Stroke or cerebral vascular disease,'' ''Diabetes or high blood sugar,'' ''Chronic lung disease such as chronic bronchitis or emphysema,'' ''Cancer or malignant tumor, including leukemia or lymphoma, but excluding minor skin cancers,'' and ''Stomach or duodenal ulcer, peptic ulcer,'' Moreover, we investigated multiple diseases, dichotomized into none or one vs. two or more chronic diseases.
Socio-demographic Characteristics
European regions, gender, age at interview (continuous), educational level, marital status, and employment were included as covariates in the models. We grouped the European countries into three regions: Northern Europe (Denmark and Sweden), Southern Europe (Italy, Spain, and Greece), and Western Europe (Austria, Belgium, Germany, Switzerland, and the Netherlands). Further details are provided in Table 1 and by Ahrenfeldt et al. (2017) . 
Statistical Analyses
Associations between religiousness and diseases were analyzed using logistic regression models with robust standard errors, estimating odds ratios (ORs) and 95% confidence intervals (CIs) in a longitudinal setting of participants in wave 1 who were followed up in at least one of waves 2, 4, and 6. For each outcome, people with the specific disease in wave 1 were excluded. In the overall model, we included all waves, taking repeated observations from the same individual into account by clustering (Huber 1967 ) and adjusting for wave and the covariates. Furthermore, we fitted an interaction model, additionally including terms for interaction between wave and religiosity measures. The overall analysis was repeated, examining possible interactions between religiosity measures and European region and between religiosity measures and gender, respectively. Further, we investigated the associations between religiousness and diseases in a cross-sectional design using data from wave 1 only. The main analyses were corrected for multiple testing using the Holm-Bonferroni method via R version 3.3.1. Stata version 14.2 was used for all other analyses.
Results
In Table 1 , we report descriptive statistics of demographic, socioeconomic, and religious variables as well as disease prevalence for people in wave 1 who were followed up in waves 2, 4 and 6, respectively. On average, 69.5% reported praying, 12.9% took part in a religious organization, and 76.6% were religiously educated. In the overall model ( Fig. 1a) , praying was associated with higher odds of heart attack (OR 1.27, 95% CI 1.10, 1.48), with ORs ranging between 1.23 and 1.32 in the interaction model ( Supplementary Table 1 ). Praying was associated with higher odds of high cholesterol, both overall (OR 1.12, 95% CI 1.00, 1.26) and in the interaction model (wave 6). Conversely, lower odds of cancer were indicated overall (OR 0.83, 95% CI 0.68, 1.01) and in waves 2 and 6.
An inverse association between taking part in a religious organization and odds of diseases was indicated for all diseases except from hypertension (OR 1.00), with borderline significant associations for stroke (OR 0.80, 95% CI 0.62, 1.03), cancer (OR 0.78, 95% CI . Lower odds were also indicated for diabetes, lung disease, and ulcer (Fig. 1b) . In the interaction model, we found lower odds of lung disease in wave 2 ( Supplementary Table 1 ). We found an association between taking part in a religious organization and gender in the overall model, with lower odds of ulcer for men (OR 0.56, 95% CI 0.35, 0.91) but no association for women (OR 1.07, 95% CI 0.80, 1.43).
No overall associations were found between being religiously educated and diseases (Fig. 1c) ; however, in the interaction model, lower odds of multiple diseases were found in wave 2 ( Supplementary Table 1 ). Moreover, we found an association with gender, Fig. 1 Associations between religiosity measures and somatic diseases in a cross-sectional and a longitudinal setting based on wave 1 participants (2004) (2005) from SHARE who were followed up in waves 2 (2006-2007), 4 (2011), and 6 (2015) , adjusted for European region, gender, age at interview, education, marital status, and employment indicating higher odds of lung disease for men who were religiously educated (OR 1.28, 95% CI 0.94, 1.72), whereas lower odds were found for women (OR 0.73, 95% CI 0.56, 0.97).
We found no associations between comparison 1 and diseases in the overall model; although all estimates were below one (Fig. 1d) . In the interaction model (wave 2), we found an indication of lower odds of multiple diseases for the more religious compared with all other respondents. When comparing the more religious with the less religious people (comparison 2), we found no associations with diseases, except for an indication of lower odds of lung disease (OR 0.65, 95% CI 0.41, 1.03) (Fig. 1e) . The association was significant in wave 2. For comparison 3, we found higher odds of heart attack (OR 1.49, 95% CI 1.13, 1.98) for the less religious, compared with the non-religious people (Fig. 1f) . Conversely, in the interaction model (wave 6), we found lower odds of cancer for people who prayed, compared with people who were non-religious. No associations remained significant after adjusting for multiple testing.
In investigating interactions between religiosity measures and regions, we found only few interactions and no clear pattern (Table 2) .
When examining the associations between religiosity measures and diseases in wave 1, results indicated that people who prayed had higher odds of ulcer (OR 1.25, 95% CI 0.99, 1.56) and of having at least two chronic diseases (OR 1.12, 95% CI 0.99, 1.26). Participating in a religious organization was associated with lower odds of heart attack (OR 0.74, 95% CI 0.60, 0.90), stroke (OR 0.68, 95% CI 0.50, 0.95), and diabetes (OR 0.72, 95% CI 0.58, 0.90). The more religious had lower odds for stroke (OR 0.67, 95% CI 0.46, 0.99), diabetes (OR 0.75, 95% CI 0.58, 0.97), and cancer (OR 0.67, 95% CI 0.46, 0.95) compared with other respondents, and lower odds of diabetes (OR 0.62, 95% CI 0.39, 0.98) than people who only prayed ( Fig. 1a-f ; Supplementary Table 1 ).
Discussion
Findings in the present study, based on a large sample of Europeans aged 50? interviewed over 10 years, suggested associations between religiousness and diseases with the effect of the associations depending on the type of religiousness. We hypothesized that restful religiousness (praying, taking part in a religious organization, and being religiously educated) was associated with lower odds of diseases, and that this effect was weaker or even reversed among the less religious individuals (praying only). Our results suggested that restful religiousness was associated with lower odds of some diseases, particularly cancer, whereas little evidence was present that crisis religiousness was associated with higher odds of disease. Praying without other religious activities is often seen as a marker of crisis religiousness, indicative of personal and health problems already being present (Hvidt et al. 2016; Koenig et al. 2012; Levin 2012 Levin , 2013 Litwin et al. 2017) . This is consistent with the crosssectional analysis in the present study that indicated higher odds of ulcer and of having at least two chronic diseases for people who prayed. Our longitudinal findings on heart attack and high cholesterol also support this assumption, although we cannot exclude that findings for heart attack may be explained-at least partly-by survival bias due to differential survival across religious groups (Chida et al. 2009; McCullough et al. 2000) . Few studies have investigated associations between praying and CHD or related cardiovascular functions. A case-control study in a Muslim population found that prayer was inversely associated with acute coronary syndrome (Burazeri et al. 2008) , whereas a multi-ethnic study of 5474 people found no reduction in risk for cardiovascular disease associated with greater religiosity, including prayer/meditation (Feinstein et al. 2010) . One study examining associations between prayer habit and CHD in India found no association for those living in urban areas, whereas prayer was associated with a lower likelihood of CHD in rural areas (Gupta et al. 1997 ). In the present study, praying did not have effect in one direction only. Praying had a protective effect on cancer after 2 and 11 years of follow-up, and people who prayed had lower odds of cancer after 11 years than non-religious people.
Our longitudinal results suggested that taking part in a religious organization was inversely associated with cancer. Although there is inadequate evidence to support the hypothesis that R/S protects against cancer mortality (Powell et al. 2003) , there is increasing evidence to indicate that R/S relates to many of the psychological, social, and behavioral factors that influence endocrine and immune functions which have an impact on cancer growth . A review of 18 studies examining the risk of cancer in Christian and non-Christian samples concluded that lifestyle factors explained the reduced risk for cancer associated with a Christian affiliation (Hoff et al. 2008) . This is consistent with research indicating that R/S is associated with certain health behaviors including less smoking and alcohol use (Koenig 2015) , greater use of preventive health services including cancer screening (Reindl Benjamins and Brown 2004) , and greater adherence to health behaviors (Park et al. 2008 ), suggesting that R/S may be associated with reduced cancer risk (Park et al. 2016 ), a hypothesis supported by this study.
To better assess the public health importance of religiosity, we considered effects of numerous diseases simultaneously. Recent evidence suggests that such ''outcome-wide epidemiology'' is often preferable to current standard practices (VanderWeele 2017a). Our study considered nine different outcomes and examined six religiosity measures. Considered separately, a number of estimates suggested evidence for associations between religiousness and diseases. Among the four comparisons for which we hypothesize a protective association (religious organization, religious education, comparisons 1 and 2), we found that 30 of the 36 associations were in a protective direction, three were equal to null (OR 1.00), and three were in an adverse direction (ORs 1.10 and 1.16). However, although we used the preferable Holm-Bonferroni method to adjust for multiple testing (Holm 1979) , the associations did not pass the threshold (p = 0.05), which emphasizes the challenges evaluating numerous outcomes at once (VanderWeele 2017b).
Previous research (Hvidt et al. 2016; Ryan et al. 1993) suggests that restful religiousness is more pronounced in religious societies such as Southern Europe, whereas crisis religiousness is more often seen in secular countries such as in Northern Europe. In line with previous studies (Ahrenfeldt et al. 2017; Croezen et al. 2015 ; Di Gessa and Grundy 2014), we did not find country variations in most of the associations. Despite the fact that women often are more religious than men (Deaton 2009; Trzebiatowska and Bruce 2012) , few associations between religiousness and diseases differed by gender in this study.
The strengths of this study were the large sample size of Europeans and the opportunity to investigate the associations between religiousness and diseases in a longitudinal design with multiple waves of data, including harmonized disease measures from ten European countries and the possibility of adjustment for several potential confounders. This longitudinal design, excluding people with the specific disease at baseline, and with outcomes measured over several waves, is important in order to try to rule out reverse causation (VanderWeele et al. 2016) .
A concern in this study was attrition from the sample, which could bias estimates if R/S people have better survival and are more willing to participate in surveys compared with non-religious people ). If R/S people have better survival, for which evidence is quite strong (Chida et al. 2009; McCullough et al. 2000) , it is possible that the more religious people who have had a heart attack could end up in the sample, while nonreligious people with a heart attack might have died. This may explain-at least, in partthe longitudinal findings of higher odds for heart attack for people who prayed. Although it would have been preferable to consider mortality in the analyses, it is problematic due to the large number of participants with unknown vital status in SHARE. Another limitation is the low response rate ranging between 44 and 67% in SHARE wave 1. If, for instance, people participating in the survey are more religious and have fewer diseases compared with non-respondents, the associations, e.g., toward lower odds of diseases for people who take part in a religious organization, might have been strengthened. Moreover, misclassification might be an issue, because diseases were self-reported, and we had one-third missing values regarding the variables ''praying'' and ''being religiously educated.'' Also, we cannot rule out that there may be people with traits of crisis religiosity among those brought up with religion, practicing religion, and praying and conversely that there may be people with restful religiousness among those who only report to pray. To eliminate bias and make reverse causation less likely, we excluded prevalent diseases at baseline, with the effect of reducing the study sample, making a type II error (a ''false negative'' finding) more likely.
In conclusion, findings in this study suggested associations between religiousness and somatic diseases among middle-aged and elderly Europeans. Our findings lend support to the hypothesis that restful religiousness was associated with lower odds of some diseases, whereas little evidence was present that crisis religiousness was associated with higher odds of disease. More research is needed to better understand the impact of religiousness on diseases, and to distinguish between different types of religiousness to better understand how religiousness influences health.
